Vasopressin antagonists increase the serum sodium concentration in patients who have euvolemia and hypervolemia with hyponatremia in the short term (Յ30 days), but their safety and efficacy with longer term administration is unknown. SALTWATER was a multicenter, open-label extension of the Study of Ascending Levels of Tolvaptan in Hyponatremia (SALT-1 and SALT-2). In total, 111 patients with hyponatremia received oral tolvaptan for a mean follow-up of 701 days, providing 77,369 patient-days of exposure. All patients had hyponatremia at randomization in SALT-1 and SALT-2, and 85% continued to have hyponatremia at entry in SALTWATER. The most common adverse effects attributed to tolvaptan were pollakiuria, thirst, fatigue, dry mouth, polydipsia, and polyuria. Six drug-related adverse effects led to study discontinuation. The increase in serum sodium exceeded the desired 1 mmol/L per h at initiation in five patients. Hypernatremia (Ͼ145 mmol/L) led to discontinuation in one patient. Mean serum sodium increased from 130.8 mmol/L at baseline to Ͼ135 mmol/L throughout the observation period (P Ͻ 0.001 versus baseline at most points). Responses were comparable between patients with euvolemia and those with heart failure but more modest in patients with cirrhosis. In conclusion, prolonged administration of tolvaptan maintains an increased serum sodium with an acceptable margin of safety.
Orally active vasopressin antagonists, "vaptans," provide a potentially effective method to treat chronic water-retaining disorders. 1 Several members of this drug family, conivaptan, 2-4 satavaptan, 5, 6 tolvaptan, 7, 8 and lixivaptan, 9 have been reported to increase serum sodium in patients with hyponatremia. These studies established primarily short-term efficacy and safety: The drugs were given for 5 days, 2,4 14 days, 5 28 to 30 days, 7, 8 or 84 days. 3 The study of satavaptan 6 had a longer term, 12 -month open-label extension, but only 10 patients were followed for 1 year, providing limited long-term efficacy and safety information. Tolvaptan was administered to a large number of patients who were hospitalized with heart failure for a median follow-up of 9.9 months in the EVEREST (Efficacy of Vasopressin Antagonism in Heart Failure: Outcome Study with Tolvaptan) trial. 10 That trial provided reassuring data as to the long-term safety of the drug, but Ͻ10% of the patients had hyponatremia, and limited conclusions could be drawn regarding long-term efficacy to maintain normonatremia.
The Safety and sodium Assessment of Long-term Tolvaptan With hyponatremia: A year-long, open-label Trial to gain Experience under Real-world conditions (SALTWATER) was a 4-year sequential, open-label extension of the randomized, placebo-controlled, double-blind Study of Ascending Levels of Tolvaptan in Hyponatremia (SALT-1 and SALT-2). 8 The objective of SALTWATER was to assess whether tolvaptan maintained its safety and efficacy over a prolonged period in a substantial number of patients who had hyponatremia and were treated with a flexible-dosage regimen. Preliminary results of SALTWATER were provided to US and European regulatory authorities in their consideration of the eventual approval of tolvaptan. These results revealed that improvements in serum sodium concentration were well maintained over longer periods with an acceptable adverse event (AE) profile.
RESULTS

Patients
A total of 154 of 325 patients who had hyponatremia and completed the 30-day treatment phase and 7-day follow-up period in SALT-1 and SALT-2 8 were at sites participating in SALT-WATER. Of these, 111 (38 patients from SALT-1 and 73 from SALT-2) enrolled in the open-label SALTWATER extension and received treatment (Figure 1 ). The median length of time between completion of the SALT-1 and SALT-2 and enrollment in SALTWATER was 30 days per patient (minimum 0 days; maximum 804 days). Sixty-four of the enrolled patients discontinued during the follow-up period for a variety of reasons ( Figure 1 ). Of these, only two were lost to follow-up, three were withdrawn at sites closed by the sponsor, seven met withdrawal criteria (e.g., "subject received liver transplant," "subject's sodium did not drop when off study drug," "subject was not taking [noncompliant with] investigative medication"), nine did not re-enroll after either the first-or the second-year extension, 13 withdrew consent, and 30 discontinued because of an AE or death. All 111 patients were analyzed for safety, and 110 patients were analyzed for efficacy.
Because patients who had been on active drug and placebo during the SALT-1 and SALT-2s did not differ significantly from one another, they were analyzed together in the open-label trial. Baseline demographics of the study patients in SALTWATER are presented in Table 1 . Fifty-two (46.8%) patients had had mild hyponatremia (serum sodium Ն130 and Ͻ135 mmol/L), and 59 (53.2%) had had marked hyponatremia (Ͻ130 mmol/L) in SALT-1 and SALT-2 at baseline. At entry to SALTWATER, the number of patients who had normonatremia, mild hyponatremia, and more marked hyponatremia were 17 (15 CLINICAL RESEARCH www.jasn.org treatment period. The most common AEs assessed by the investigator as being potentially related to tolvaptan use were pollakiuria (11 patients); thirst (10 patients); fatigue (six patients); and dry mouth, polydipsia, polyuria, hypotension, hypernatremia, dizziness, headache, peripheral edema, and acute renal failure (four patients each; Table 2 ).
Of the 64 patients who withdrew from the study during the 214-week treatment period, 19 withdrew for a treatmentemergent AE of any cause ( Table 2 ). The AEs in six of these 19 patients subsequently resulted in death (cardiac failure [two patients], esophageal varices, hepatic cirrhosis, cerebral hemorrhage, and gastrointestinal hemorrhage). The AEs in the remaining 13 patients led to discontinuation but not death (ventricular tachycardia, vertigo, gastrointestinal hemorrhage, vomiting, gait disturbance, irritability, serum creatinine increase, serum sodium increase, anorexia, bladder cancer, dysphasia, myocardial infarction, psychotic disorder, renal failure, and pruritus). An additional 13 patients died as an outcome of an AE without being withdrawn from the study as a result of the event (cardiac failure [three patients], renal failure [two patients], hepatorenal syndrome, cardiorespiratory arrest, cardiac arrest, pneumonia, cerebral hemorrhage, respiratory failure, sepsis, and urosepsis). Thus, a total of 19 patients died during the 212 patient-years of exposure: nine deaths per 100 patient-years of exposure. The death rate during SALT-WATER was lower than that observed for SALT (86.9 deaths per 100 patient-years of exposure).
Six AEs leading to drug discontinuation were assessed by the investigator as possibly or probably related to tolvaptan therapy and included severe ventricular tachycardia (on day 3), severe irritability (day 14), mild serum sodium increase (day 15), mild anorexia (day 22), severe serum creatinine increase (day 329), and moderate pruritus (day 513; Table 2 ). Ten patients experienced at least one serious AE assessed by the investigator as potentially related to study treatment. The events were not adjudicated by a review committee and are presented as described by the investigator in Table 3 . Of the 19 patients who died during the study, one case of severe hepatorenal syndrome resulting in death occurred in a 65-year-old woman on day 53 and was judged by the investigator to be possibly related to study medication use (Table 3) .
No consistent and clinically meaningful changes were observed in vital signs, electrocardiogram, serum chemistries (other than serum sodium and chloride), or hematology panels during the follow-up period. Serum sodium correction exceeded the desirable rate of 1 mmol/L per h at the 8-hour time point in five patients. Eighteen patients had assessed serum sodium levels Ͼ145 mmol/L at individual time points. One of the latter patients was withdrawn from the trial for mild serum sodium increase; the hypernatremia resolved in the other 17 patients.
Efficacy
The mean serum sodium concentration in all 111 patients at baseline in SALTWATER was 130.8 Ϯ 4.4 mmol/L (range 114 to 141 mmol/L), compared with 129.0 Ϯ 3.8 mmol/L (range Drug-related AEs leading to discontinuation 6 (5.4) ventricular tachycardia 1 (0.9) irritability 1 (0.9) blood sodium increase 1 (0.9) anorexia 1 (0.9) blood creatinine increase 1 (0.9) pruritus 1 (0.9)
AEs that started during the tolvaptan treatment phase or were continuous from baseline and were serious; drug-related; or resulted in death, discontinuation, interruption, or reduction in tolvaptan dosage. a Patients counted once per AE for the most severe of multiple occurrences. b Reported in Ͼ3% of patients. 114 to 136 mmol/L) for the same patients in SALT-1 and SALT-2. Correction of serum sodium levels during the first 8 hours of therapy occurred at similar rates in SALTWATER and the SALT-1 and SALT-2; moreover, by day 14 in both trials, serum sodium levels had reached similar plateaus ( Figure 2 ). Previous treatment with tolvaptan or placebo in SALT-1 and Figure 2 . Serum sodium levels obtained in the course of the SALT-1, SALT-2 and SALTWATER trials. Rate of correction of serum sodium levels and the plateaus reached afterwards were similar in both studies. The left-hand figure includes only patients in the SALT-1 and SALT-2 who continued into SALTWATER. Error bars are Ϯ SE. BSL, baseline; FU, follow-up visit 7 days after early withdrawal or trial completion. a P Ͻ 0.001, tolvaptan versus placebo; b P Յ 0.0011, tolvaptan and tolvaptan (before placebo) versus baseline; c P Ͻ 0.001, tolvaptan and tolvaptan (before placebo) versus baseline; d P ϭ 0.021, tolvaptan versus baseline and P Ͻ 0.001 tolvaptan (before placebo) versus baseline; e P Ͻ 0.001, tolvaptan (before placebo) versus baseline; f P ϭ 0.005, tolvaptan (before placebo) versus baseline; g P ϭ 0.016 tolvaptan (before placebo) versus baseline. SALT-2 did not alter the long-term efficacy of tolvaptan in SALTWATER. After the initial titration period, mean serum sodium levels remained within the normal range throughout the subsequent Ͼ4-year treatment period. Serum sodium correction rate was initially greater for the marked hyponatremia subgroup but overall had similar kinetics in the mild and marked hyponatremia groups ( Figure 3A ) and in the CHF and SIADH/other cause groups ( Figure 3B ). In patients with cirrhosis, there seemed to be a trend toward lower final serum sodium levels. The normalization rate (percentage of patients with serum sodium levels Ͼ135 mmol/L) over time according to hyponatremia severity and cause is shown in FigFigure 3 . Serum sodium measured according to severity of hyponatremia (left) and underlying cause (right). The correction rate had similar kinetics for all groups, except a steeper initial response for the marked hyponatremia subgroup (left). Comparisons versus baseline were statistically significant (P Ͻ 0.05) for patients with mild hyponatremia at all time points but week 214 and the follow-up visit; for patients with marked hyponatremia at all visits but weeks 202 and 214; for patients with CHF at all time points but weeks 190, 202, and 214 and the follow-up visit; for patients with cirrhosis at 8 hours, day 31, weeks 10, 18, and 50, and the follow-up visit; and for patients with SIADH/other at all visits but week 214 and the follow-up visit. CLINICAL RESEARCH www.jasn.org ure 4. More than 60 and 45% of patients in the mild and marked hyponatremia groups, respectively, exhibited normal serum sodium levels by week 4. Correction rates seemed to be generally similar among patients with CHF and SIADH/other but may have been somewhat lower among patients with cirrhosis. In all patient subgroups, serum sodium levels declined by 7 days of withholding tolvaptan, indicating a need for continued tolvaptan therapy to maintain serum sodium normalization in many patients (Figures 2 and 3) . On drug discontinuation, the proportion of patients who declined by at least 3 mEq/L was 68%, and an equal proportion fell from Ն135 mEq/L to below this threshold of normal.
Mean time to first fluid restriction was 122.3 Ϯ 184.3 and 162.5 Ϯ 186 days in the mild and marked hyponatremia subgroups, respectively; 13.2% of patients in the mild hyponatremia group and 5.4% in the marked hyponatremia group required fluid restriction. One (0.9%) patient received urea, and no patient received demeclocycline.
DISCUSSION
Because many of the therapies that are available to treat euvolemic and hypervolemic hyponatremic disorders are fraught with adverse effects and/or limited effectiveness, the advent of orally active inhibitors of the vasopressin 2 receptor represent a welcome addition to other therapies. Whether given orally [2] [3] [4] [5] [6] [7] [8] [9] or intravenously, 11 the drugs significantly increase serum sodium in the majority of patients who are treated with these vasopressin antagonists. The drugs seem to have, in their short term, an acceptable adverse effect profile, most AEs being related to the expected effect of the drug to increase urine flow 8 ; however, all studies involved very short follow-ups, and those with somewhat longer monitoring had a very limited number of patients (Յ10). 3, 6 Thus, after the completion of SALT-1 and SALT-2, we undertook this open-label long-term extension. The extension, initiated for 111 patients, provided 212 patientyears of observation and monitoring for both potential drugrelated adverse effects and maintenance of efficacy. The patients were approximately equally balanced between those with mild hyponatremia (sodium between 130 and 135 mmol/L) and those with more marked decrements (Ͻ130 mmol/L) at the time of their initial study. Likewise, the study population was approximately equally balanced between those who had hypervolemia and euvolemia.
The number of reported AEs seems to be high at first analysis. It must be noted, however, that the trial did not have a comparator group of an equally ill cohort treated with placebo over the prolonged period of observation. Because most patients with hyponatremia with CHF and cirrhosis have severe underlying disease and because neoplastic disease is relatively common in patients with euvolemia, it is not surprising that nearly all patients at some time or another were found to have an AE. In the published results of the EVEREST trial of patients with decompensated heart failure, no overall effects on mortality or cardiovascular morbidity were noted in the population with low serum sodium (Ͻ137 mEq/L) 10 ; however, the AEs attributed by the investigators to tolvaptan in our study were reminiscent of those reported in both EVEREST and shorter term studies, which would be expected from an aquaretic agent. More important, no new consistent AE or laboratory abnormality emerged from the more prolonged use of the drug. Notably, only six occasions of adverse effects potentially related to the administration of tolvaptan led to its discontinuation. Table 3 lists the 10 serious AEs that were deemed to be drug related. Most of these occurred at a time remote from the initiation of the drug; moreover, the relationship was thought to be possible rather than probable, because most of the patients had multiple associated medical problems that could have accounted for the event. On nine occasions, the AEs were reversible. The AEs and their interpretation were at the discretion of individual investigators who were unblinded.
Excessively rapid correction or overcorrection of hyponatremia at the initiation of treatment was likewise uncommon, but early monitoring of serum sodium during the initial 24 hours may nonetheless be appropriate. After the initial dose of 15 mg, only five patients had serum sodium increases Ͼ1.0 mmol/L per h in the first 8 hours (range 1.08 to 1.47 mmol/L per h), and no patient developed a clinical picture of osmotic demyelination. Hypernatremia (Ͼ145 mmol/L) occurred in 12 patients but led to drug withdrawal in only one and was readily reversible in all others. The percentage of patients who reached and maintained normonatremia was 57%, which again was comparable to the experience in the placebo-controlled trials. Although the prescription to drink in response to their physiologic thirst drive probably helped prevent overly rapid correction, it also may have limited the maximum potential effect of the drug. Similarly, the development of de novo hyponatremia in this susceptible study population was almost absent. Long-term tolvaptan use therefore seems to be well tolerated and associated with few AEs. Whether some unexpected adverse effects will emerge as the drug is used in more patients and for longer treatment time cannot be entirely excluded and will require further postmarketing surveillance.
The increases in serum sodium observed in our short-term trial 8 were again observed in SALTWATER. Furthermore, the effect was sustained for the duration of the observation period. Because there was no comparator group, the differences were assessed relative to baseline serum sodium, and, in the great majority of the patients, serum sodium remained Ͼ135 mmol/L. The mean change in serum sodium concentration for those who had mild and more marked hyponatremia were comparable. The patients with cirrhosis had a less robust response, as was previously seen in several short-term trials involving vasopressin antagonists. 8, 9 The mechanisms for this difference have yet to be fully explored. The return of serum sodium toward baseline 7 days after study discontinuation reveals that most (68%) of the patients had an irreversible defect in water excretion and that the requirement for the drug may be open-ended. Conversely, 17 (15.3%) patients had serum sodium within the normal range at entry to the extension study.
Hyponatremia is common in hospitalized patients 12 and not uncommon in the ambulatory care setting as well. 13 It is a well-established predictor of high mortality in patients with cirrhosis, 14 heart failure, 15 and neurologic disorders. 16 Accumulating data suggest that in addition to being a marker of severe disease, hyponatremia is associated with increasing risk for cognitive dysfunction and falls, 17 as well as increased risk for fractures. 18 It may therefore be desirable for the abnormality to be corrected, particularly in the susceptible elderly population. 19 The availability of oral vasopressin antagonists provides an effective way to increase serum sodium over the long term. Whether the correction of the hyponatremia will result in decreased hospitalizations and translate into an increase in long-term survival awaits the completion of further studies.
CONCISE METHODS
Study Design
SALTWATER was an international, multicenter, nonrandomized, open-label extension of SALT-1 and SALT-2. 8 Patients were eligible when they participated successfully in the original trials and evidenced a continued need and desire for therapy. Patients were not eligible when they had a current medical condition for which longterm treatment with an aquaretic agent posed an undue risk (e.g., pregnancy, psychogenic polydipsia, hydrophobia, anorexia, urinary flow obstruction, hypotension); hyponatremia that was acute, reversible (e.g., hypothyroidism, hypocortisolism), artifactual, or due to conditions not associated with arginine vasopressin excess or likely to respond to aquaretic therapy; severe renal impairment (creatinine Ͼ3.5 mg/dl [310 mol/L]); or a clinical condition with potential to confound results (e.g., poorly controlled diabetes).
Patients were enrolled to receive oral tolvaptan tablets once daily for up to 58 weeks initially, later amended to a maximum of 214 weeks. Entrance into SALTWATER occurred at least 7 days (and up to 2 to 3 years) after the final tolvaptan dose received in SALT-1 and SALT-2. The initial tolvaptan dosage was 15 mg, which was increased to 30 and 60 mg when the patient continued to have hyponatremia and the change in serum sodium was Ͻ5 mmol/L relative to a measurement at least 22 to 24 hours earlier. Dosages were maintained when the patient's serum sodium was consistently Ͼ135 mEq/L or the change in serum sodium was Ͼ5 mmol/L relative to a previous measurement. Down-titration was mandated when the serum sodium was consistently Ͼ145 mmol/L or when the measured increase in serum sodium was Ͼ8 mmol/L per 8 hours or Ͼ12 mmol/L per d. There were no restrictions on concomitant medications with the exception of specific agonists or antagonists of arginine vasopressin. Patients were allowed to receive standard therapies for hyponatremia, including fluid restriction, demeclocycline, and urea. When possible, fluid restriction was avoided during the first 24 hours of tolvaptan treatment, but patients who entered the study with a serum sodium level Ͻ130 mmol/L could be fluid restricted during the first day.
The institutional review board or ethics committee at each site approved the study protocol and ensured that written informed consent was obtained from all patients. The study adhered to the Ethical Principles for Medical Research Involving Human Subjects, World Medical Association Declaration of Helsinki. 20 
Assessments
Study assessments were to occur at clinic visits on day 1 (baseline and 8 hours after first dose), days 2 through 14 (to end of titration), and day 31; every 8 weeks from weeks 10 through 58; every 12 weeks from weeks 70 through 214; and a follow-up visit occurring 7 days after the last dose of tolvaptan (either after final visit or after early withdrawal). Safety of long-term tolvaptan was assessed at all visits by AEs, vital signs, and physical examinations. AEs were defined as any new medical problem or exacerbation of an existing medical problem according to the Medical Dictionary for Regulatory Activities (MedDRA). 21 Patients could spontaneously report such events to an investigator. Investigators were required to assess and report to the sponsor the seriousness and severity of each event and whether the event was associated with the study drug.
Additional safety assessments included hematology and coagulation panels, serum chemistries (routine metabolic profile including electrolytes, glucose, and tests of hepatic and renal function), pregnancy testing, and electrocardiograms. At a minimum, blood panels were conducted on days 1 and 14; at weeks 58, 106, 154, and 214 (or early withdrawal date); and at the 7-day follow-up visit. Serum sodium determinations occurred at every scheduled visit and often more frequently during the dosage titration phase.
The secondary objective of SALTWATER was to determine the long-term efficacy of tolvaptan therapy. Efficacy was assessed at all visits by serum sodium levels, percentage of patients with normalized serum sodium (Ͼ135 mmol/L), and percentage of patients who required other hyponatremia treatments.
Statistical Analysis
All safety and efficacy variables were assessed descriptively. Because there was no placebo or drug comparator, all statistical comparisons were with baseline values, with changes evaluated in the context of the patient's underlying clinical condition. Protocol development and data analyses were undertaken jointly by the sponsor, the investigators, and the authors. The sponsor holds the data, which were freely available to the authors.
